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Abstract
Humans shake hands as a sign of greeting when they first meet, to greet one another and develop a rapport. A handshake
is an embodied interaction through physical contact. In the case of a human and robot, the robot can smoothly begin
to communicate and coexist with humans without eliciting feelings of aversion on the part of the humans, provided it
generates a handshake motion that is emotionally acceptable to humans. Therefore, in this paper, we develop a handshake
robot system that generates a handshake request motion during active approach to a human. First, we analyze handshake
motions with approach between humans. Then, based on the analysis of handshake motions between humans, a handshake
request motion model which is generated during an approaching motion is proposed. Furthermore, using the proposed
model, a mobile handshake robot system is developed. This mobile handshake robot system actively approaches a human,
and it generates a handshake request motion by extending its hand to the human. The developed handshake robot system is
evaluated using a sensory evaluation to analyze handshake motion preferred by humans. Based on the sensory evaluation
results, the developed mobile handshake robot system satisfactorily generates the handshake request motion during active
approach to a human, and its effectiveness is demonstrated.
Key words : Human interface, Human-robot interaction, Handshake, Embodied interaction, Human edmotion
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Fig. 1 Experimental scenery
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2. ????????????????
?????????????????????????????????????????????????
??????????????????????????????????????????????????
21 ????
???????????????????????????????OXFORD METRICS?????????
????????? 1???????? 1???????????????????? (X-Y-Z)???????
??????? 2? 1????????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????? 2???? 6?????????????????
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Fig. 2 The velocity of a shoulder as the approaching motion and the velocity of a right hand as a handshake
motion were measured. The velocities of the shoulder and the hand are plotted with the solid line (red)
and the dotted line (green) respectively.
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Fig. 3 Time lag of the start of hand motion to the end of
approaching motion
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Fig. 4 Time lag of hand motion to voice greeting
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Fig. 5 Approaching velocity
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Fig. 6 Deceleration time
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Fig. 7 Generation of bell-shaped velocity pattern
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Fig. 8 An approaching velocity pattern is
generated using minimum jerk model.
A velocity of minimum jerk model
is plotted with the dashed line (Red).
An approaching velocity and a velocity
during deceleration are plotted with the
solid line (Green) and the solid line
(Blue), respectively.
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?????
223 ????
??????????????????????????????????????????? 5?????
??????????????????????????????????????????????????
?? 850 mm/s??????????????????????? 6????????????????????
???????????????????????????????????????????????????
?????????????????????????????????-1.2????????????????
????
3. ???????????
31 ???????
?????????????????????????????????????????????????
????? (???, 2011)???????????????????????????????????????
????? (Flash and Hogan, 1985)???????????????????????????????????
??????????????
??????????? t ??????V (t)??? (1)??????????Vmax????? Tf ??? (2)?
??????????? r0??????r f ???????????????????????????????
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Fig. 9 A trajectory for a handshake with a human is generated by using the proposed model. The path of the
generated trajectory is plotted with the dashed line (Blue). For comparison, a path of a human hand
trajectory is plotted with the solid line (Red).
??????????????????????????????????????????????????
Vmax =
15
8Tf
(r f   r0) (1)
V (t) =Vmax
16
T 4f
(t4 2Tf t3+T 2f t2) (2)
????????????????2?????????????????????????????????
???????????????????????????????????????????????????
?????? Tmax?P???????????? P?????? 1?????????????????? 7(a),
(b)??????????? Tf ????? 2 Tmax P? 2 Tmax  (1 P)???????????????????
? 7(a)?????????????????? 7(b)???????????????????????????
7(c)????????????? P??????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????
32 ???????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
???????????????????????? 8?????????????????????????
????????? 850 mm/s?????????? 1.2??????????????????????????
????????????? 850 mm/s??????????????????????????????? 700
mm/s????????????????????????? 2.4 s?????? 700 mm/s??????????
??? 1.2 s???????????????????????
33 ???????????
?????????????????????????????????????????????????
??????????????????????????????????????????????????
? 9?10??????????????????????????????????????????????
?????? 9?? X-Z Plane??? X-Y Plane????? X-Z???X-Y?????????? 10?????
??????????????? 9??????????????????????????????????
????????????????????????????? 10????????????????????
??????????????????????????????????????????????????
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Fig. 10 A trajectory for a handshake with human is generated by using the proposed model. The velocity pattern
of the generated trajectory is plotted with the dashed line (Blue). For comparison, a velocity pattern of a
human hand trajectory is plotted with the solid line (Red).
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Fig. 11 Mobile Handshake Robot System
??????????????????????????????????????????????????
??????????????????
4. ????????????
?????????????????????????????????????????? 11??????
????????????????????????????????????????? (???, 2000)???
???? 2?? 1??????????????????????6????????????????????
?????????? 11???????????????????????????????????????
?????? 4??????2?????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????????? 10 ms?????????????????
???????????????????????????????? (?????)????????????
??????????????????????????????????????????? (FASTRAK)?
??????????????????????????????????????????????????
???????????????????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
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????????????????????????????
5. ??????????????????????
?????????????????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????????????????
51 ????
???????????????????????????????? 1.2????????????????
??????????????????? 1.2??????????????????????????????
?????????????????????????????????? (a)??????????????(b)
?????????????????????? 0.6???????????(c)??????????????
????????????? 1.2??????????? 3???????????????????????
??????????????????????????????????????????????????
????????????????????????????????????? 3,000 mm?????????
??????????????????????????????????????????????????
????????????????????????????????????????7??????????
??????????????????????????????????????????????????
??????????????????????????????7????????????????????
???????????????????????????????????????????????????
??? 4????????7??????????? 7????? 0?????????????? 1824??
???? 30?????
52 ????
????????? 1???????????????????????????????????????
??????????????????????????????? (3)???????? Bradley-Terry???
(Bradley and Terry, 1952)????????????? pi ?????????????????????????
??????????????? pi ???????????
Pi j =
pii
pii+pi j
(3)
(pii : i??????Pi j : i? j?????)
????∑
i
pii =Const: (= Total : 100)
Bradley-Terry?????????????? pi ?? 12?????????? (b)??????? 0.6????
?????????????????????????????
?????????????3?????? 7??????????????? 13????????????
???????? Friedman????????????????????????????????????? (b)
? (a)?(c)??????????????????? 1%?????????????? Bradley-Terry????
???????????????????????????? (b)? (c)??????????????????
? 1%?????????????????????? (a) ?(b) ? (c) ??????????????????
? 1%?????????????????????? (b)?(c)? (a)???????????????????
1%??? 5%?????????????????? (b)???? 0.6???????????????????
???????????????????????????? (b)????????????????????
???????????????????????????????????????????????????
???????????
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Table 1 Result of paired comparison in the experiment on
handshake request motion during approach
(a) (b) (c) Total
(a) 8 33 41
(b) 52 46 98
(c) 27 14 41
0 20 40 60 80
(c)
(b)
(a)
(pi)
Fig. 12 Result of Bradley-Terry model in the experiment
on handshake request motion during approach
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Fig. 13 Result of seven points bipolar rating in the experiment on handshake request motion during approach
?????????????????????????????????????????????????
0.6??????????????????????????????????????????? 1.2????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
????????????????????????????? 1.2????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????
6. ????????????????????????
?????????????????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????????????
61 ????
?????????????????? 0.3???????????????? (Kadota and Gomi, 2010)??
??????? 1.2????????????????????????????????? (a)???? 0.3?
??????????(b)???? 0.6???????????(c)???? 0.9??????????? 3??
??????????????????????????7????????????????????????
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Table 2 Result of paired comparison in the experiment on
handshake request motion during deceleration
(a) (b) (c) Total
(a) 13 28 41
(b) 47 40 87
(c) 32 20 52
0 10 20 30 40 50
(c)
(b)
(a)
(pi)60
Fig. 14 Result of Bradley-Terry mode in the experiment on
handshake request motion during deceleration
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Fig. 15 Result of seven points bipolar rating in the experiment on handshake request motion during deceleration
??????
62 ????
????????? 2?????????????????????????????Bradley-Terry????
???????? pi ????????Bradley-Terry???????? 14??????????????????
??????????????? pi ????????????????? (b)??????? 0.6???????
??????????????????????????
7?????????????????????? Friedman?????????????? 15???????
??????????????? (b)? (a)?(c)??????????????????? 5%?????????
????? Bradley-Terry???????????????????????????????? (a)?(b)? (c)
??????????????????? 1%??? 5%?????????????????????? (a)?
(c)??????????????????? 1%?????????????????????? (b)?(c)? (a)
??????????????????? 1%??? 5%?????????????????? (b)???? 0.6
??????????????????????????????????????????????? (b)?
???????????????????????????????????????????????????
??????????????????????????????????
???????????????????? 0.6????????????????????????????
???????????????????????????????????????????????????
??????????????????????????????????????????????????
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Table 3 Result of paired comparison in the experiment on
handshake request motion with voice greeting
(a) (b) (c) Total
(a) 16 28 44
(b) 44 29 73
(c) 32 31 63
0 10 20 30 40 50
(c)
(b)
(a)
(pi)
Fig. 16 Result of Bradley-Terry model in the experiment
on handshake request motion with voice greeting
???????????????????1? 1?????????????????????????????
??????????????????????????????????????????????????
??????????????????? 0.3??????????????????????????????
??????????????????????????????
?????????????????????????????????????????????????
??????????
7. ??????????????????????
??????????????????????????????????????????????????
???????????????????????????????????????????????????
71 ????
??????????????????????????????????????????????????
???????????????????????????????????????????? 0.3?????
?????????????????????????????? (??,??, 2004)????????????
??????????????????????? 3???????????3?????? (a)???????
???? 0.3??????(b)????????????????(c)??????????? 0.3???????
??????????????????????????????????????????? 3,000 mm???
??????????????????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????????? 0.6???????????????????
?????????????????7??????????????????????????????
72 ????
????????? 3?????????????????????????????Bradley-Terry????
???????? pi ????????Bradley-Terry???????? 16??????????????????
??????????????? pi ????????????????? (b)???????????????
??? (c)??????????????????
7?????????????????????? Friedman?????????????? 17???????
???????????????? (c)? (a)????????????????? 5%????????????
????????? (b)? (c)??????????????????????????????? (b)? (c)?
Bradley-Terry????????????????????????????????????????????
??????????????????
???????????????????????????????????? 0.3????????????
??????????????????????????????? 0???????????????????
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Fig. 17 Result of seven points bipolar rating in experiment on handshake request motion with voice greeting
???????????????????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????????????????????? 0.3???????
??????????????????????????????????????????????????
??????? 0.3??????????????????????????????????????????
????????????????????????????????????????
8. ? ?
?????????????????????????????????????????????????
??????????????????????????????????????????????????
???????????????????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????????
 ????????????????????????????????????????????????
?????????????????????????????????????????????????
??????????
 ????????????????????????????????????????????????
??????????????????????????????? 0.6????????????????
?????????????????????????????????
 ????????????????????????????????????????????????
??????????????????????????? 0.3???????????????????
???
?????????????????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
???????????????????????????????????????????????????
??????????????????????????????????????????????
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